Antibodies against Trichomonas vaginalis were detected in serum samples from 98 patients by three immunological assays. A good correlation was observed between the enzyme-linked immunosorbent assay and the immunofluorescence methoci, whereas it was found that the enzyme-linked immunosorbent assay correlated better with the current or past detection of organisms than did other serological methods (immunofluorescence and hemagglutination). Similar results were obtained with whole trichomonads and two T. vaginalis soluble antigenic preparations, which suggests that immunodominant moieties shared by several T. vaginalis strains were detected. The level of antibodies of the immunoglobulin A class was higher in patients with past records of trichomoniasis, but less significantly so than the total antitrichomonal antibody level. Antibodies of the four immunoglobulin G subclasses were detected. Immunoglobulin Gi antibody values were higher in female than male patients.
Trichomoniasis is the most common infection of the urogenital tract. Trichomonal infection is recognized as a major, economically significant sexually transmitted disease. The need for a better understanding of the mechanisms involved in host-parasite relationships is underlined by recent reports of the refractiveness of some Trichomonas vaginalis infections to treatment with metronidazole (4, 8, 24) and the isolation of metronidazole-resistant strains (19, 20) . A frothy discharge occurs in 12% of women with T. vaginalis, but local identification by microscopic wet-rnount examination is not sensitive enough, as culture will detect twice as many Trichomonas infections (10) . In addition, the presence of the parasite may remain undetected, especially in men, who often lack any clinical manifestation (9) . This prompted several attempts at detecting circulating antibodies to the parasite (5, 12, 14-18, 25, 28, 30, 31) .
In the present study, direct comparisons of the enzymelinked immunosorbent assay (ELISA), immunofluorescence assay, and hemagglutination assay were made by using several antigenic preparations, which presumably contained antigenic moieties common to most T. vaginalis strains. We have characterized serum antibodies in 98 patients and 30 control individuals. hn T. vaginalis-infected patients, data demonstrate the increase in the amount of serum antibodies directed to all antigenic preparations used and indicate that, as well as immunoglobulin A (IgA) and IgM antibodies, the four IgG subclasses are involved in human antitrichomonal antibody response. for saline wet-mount examination, acridine orange-stained smears, and culture for T. vaginalis in agar-free TYM-Diamond medium (7) Control sera for immunofluorescence and hemagglutination assays were obtained from 30 children under 8 years of age, who were admitted to a pediatric hospital for noninfectious conditions. For the ELISA, 20 additional control sera meeting the same requirement were studied (i.e., a total of 50 control sera for the ELISA).
Antigens. Six T. vaginalis strains isolated from the vaginal discharge of women attending the Rouen Venereal Outpatient Clinic were cultured in agar-free TYM-Diamond medium for 3 weeks. Two lines (X and Y) were prepared by mixing the axenic strains from two and four isolates, respectively. Cultures were kept under hydrogen and C02 in a jar and were passaged every 2 days for 1 month. The growth kinetics of each line were determined by counting viable cells at intervals: maximal growth rate was observed between 32 and 50 h of culture under the conditions used. The pathogenicity of these strains was determined in vivo (23) and in vitro (6) .
Formalinized (10% formaldehyde, 5 min) X-line cells for immunofluorescence were obtained from 2-day cultures containing 70 to 80% viable cells. Soluble antigens for hemagglutination were prepared from the X T. vaginalis line by extraction with formamide by the procedure of Fuller (11) . For sensitization, a 1% sheep erythrocyte suspension was mixed under agitation at 37°C for 60 min with an equal volume of antigen solution (16 Immunofluorescence technique. Indirect fluorescence studies were performed as previously described (6) . Briefly, sera were incubated on T. vaginalis smear spots for 30 min at 37°C. Slides were washed, air dried, and incubated with goat fluorescein-labeled anti-human immunoglobulin heavy and light chain antiserum (Institut Pasteur, Paris, France) (final dilution, 1/100). The slides were examined with an incident UV illumination microscope at a total magnification of x 200. Only marginal fluorescence of the body and flagella was considered positive; this excluded general fluorescence of the whole body of the organism. Results are expressed as the last positive serum dilution which labeled at least 50% of the trichomonads. Each experiment was done at least in triplicate.
Hemagglutination assay. Hemagglutination was performed as previously described (6) . Samples (50 ,ul) of twofold serum dilutions in 0.85 M NaCl were distributed into the wells of round-bottom plastic microtiter plates, and 50 kLI of a 1% suspension of sensitized sheep erythrocytes was added. The plates were gently agitated and incubated at 37°C for 1 h. Controls with sensitized and unsensitized erythrocytes and known negative and positive sera were included in each plate. The results were expressed as the last positive serum dilution. Each experiment was done at least in triplicate.
ELISA. For the ELISA, the following optimal conditions determined from preliminary experiments were used. For the T. vaginalis whole-cell antigen assay, microELISA plates (Dynatech, Plochingen, West Germany) containing 40,000 cells of the X line per well were desiccated in a drying oven at 37°C. The plates were then saturated with 200 ,ul of a 5% bovine serum albumin solution in PBS per well and maintained for 2 h at room temperature. The solution was decanted, and the wells were washed three times with cold PBS before use.
For the soluble antigen assay, plates were coated by incubating 200 ,ul of the X or Y antigen per well at concentrations of 160 and 185 ,ug of protein per ml, respectively (found to be within the optimal range in preliminary experiments), diluted in 0.1 M carbonate-bicarbonate buffer (pH 9.6) for 18 h at 4°C, washed, and filled with PBS-bovine serum albumin as described above.
For the estimation of total antitrichomonal antibodies, serial dilutions (1/200, 1/1,000, 1/5,000) of sera were performed in 0.5% bovine serum albumin-0.05% Tween 20-PBS. A 100-,ul portion of each serum dilution was transferred in triplicate into antigen-coated microplate wells and incubated for 4 h at room temperature. The solutions were aspirated, and the wells were washed three times with cold PBS. Bound antibodies were detected with rabbit anti-human immunoglobulin beta-galactosidase-linked F(ab) ' 1 male) by hemagglutination. In this group, serum from one male patient lacked any detectable antibody. Among the 14 patients with proven previous records of trichomoniasis and in whose sera no parasite could currently be detected, the ELISA was positive in 9 and immunofluorescence was positive in 6 (versus 3 only by hemagglutination). Lastly, among the 59 individuals without previous history of infection by T. vaginalis and whose sera were negative for current local parasite detection, two groups could be identified: 27 sera were negative by both ELISA and immunofluorescence (in that group, one patient reported a history of another venereal disease), whereas 32 were positive by ELISA or immunofluorescence (in that group, 13 patients reported a previous venereal disease). In these two groups, 13.5% of sera were positive by hemagglutination.
IgG subclass analysis of anti-Trichomonas antibodies. IgGl, IgG2, IgG3, and IgG4 antibody levels were simultaneously measured by thelELISA in 26 patients in whose serum antibodies had been detected ( record of trichomoniasis and 25 for patients without such a record. No difference was observed between positive sera from male and female patients (mean, 0.307 ± 0.046 and 0.327 + 0.018, respectively).
DISCUSSION
The present study was aimed at characterizing the systemic antibody response to local infections by the parasite T. vaginalis. A sensitive ELISA method was developed by reference to well-established immunofluorescence and hemagglutination methods (5, 12, 15-18, 30, 31) . The source of antigens consisted of organisms mixed in culture, providing antigen moieties common to most strains. In ELISA (as well as in whole-cell immunofluorescence), a significant background fixation was noticed with sera from unsensitized children, whatever the antigen used. This may be related to a passive membrane binding of plasma proteins, including human IgM and IgG, on a specific membrane trichomonal site (21, 22) . A good correlation was observed between ELISA and immunofluorescence results with the whole (3, 29) . The correlation observed between levels of antibodies to the X and Y parasite preparations is consistent with a limited antigenic heterogeneity of T. vaginalis (3) .
Of particular interest appears to be our observation that antibody levels detected by the ELISA were related to a previous or current local detection of the parasite. ELISAdetected antibodies were present in 85% of patients in whom the current presence of the parasite was demonstrated, a figure higher than that previously reported with a similar method (25) . The clinical significance of antibodies detected by ELISA is also evidenced by the presence of antibodies in 64% of patients with proven previous T. vaginalis infection but in whom no parasite could currently be found. These patients often had a history of previous venereal disease. In (13) and to exert protection against experimental trichomoniasis in rodents (27) . In human trichomoniasis, additional information is needed to evaluate the protective role of antibodies of the IgG class.
